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Summary. At the end of a 4 hour absorption period approximately 95 9 of the
sodium absorbed by bean plants was retained in the secondary roots. The sodium trans-

located to the shoot was retained in the stem.

2,4-Dinitrophenol decreased the amount retained in the secondary roots of bean plants

and increased the amount translocated to the shoot.

translocated sodium.

The stem retained most of the

Bean plants without roots absorbed considerably more sodium than plants with roots
and translocated a greater proportion of the sodium to the petioles and blades. 2,4-Dini-
trophenol reduced the amount of sodium in the stem and petioles and increased the amount

in the blades.

2,4-Dinitrophenol reduced the amount of sodium retained by the secondary roots of
cotton plants but did not appreciably affect the amounts translocated to the shoot.

The amount of sodium that plants absorb and
translocate to the shoot varies according to the species.
Among 21 species grown on culture solutions contain-
ing equivalent amounts of sodium, potassium, and
rubidium, Collander (6) found a wider range in the
amount of sodium absorbed than in the amount of
either potassium or rubidium absorbed. Other studies
have indicated that bean (8,23), soybean and corn
(13,14), and deciduous fruit and nut trees (1,4, 11)
translocated very little sodium to the shoot, whereas
beets (2,3,19) and cotton (5) readily translocated
sodium to the shoot.

Bower and Wadleigh (3), using sand-resin mix-
tures adjusted to several levels of exchangeable
sodium, and Lagerwerff and Holland (17), using
culture solutions adjusted to 3 sodium-adsorption-
ratios and 3 total-salt concentrations, found that
sodium was translocated to the top of bean plants but
only in the presence of high sodium concentrations in
the medium. Jacoby (16) and Pearson (22) found
that bean plants normally retained sodium in the hasal
portions of the stem but that sodium translocation was
increased at higher external concentrations.

Sodium translocation to bean shoots was also
increased by 2,4-dinitrophenol (DNP) (22). The
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translocation of sodium to the shoots of barley, snap-
dragons, and bluegrass was increased by anaerobic
conditions (18,20,21). Thus, the restriction of
sodium transport to the shoot of some species appears
to be regulated, at least in part, by metabolism.

With respect to beans, the increased translocation
of sodium to the shoot at high external concentrations
or in the presence of an inhibitor might be anticipated
if it is assumed that there is a reciprocal relationship
between the amount of sodium retained in the root
and the amount translocated to the shoot. If such a
reciprocal relationship existed, sodium translocation
to the shoot should be increased in the presence of a
metabolic inhibitor as a result of decreased accumula-
tion in the root. If it is assumed that roots have
a strong afifinity but a relatively small capacity for
sodium, translocation to the shoot should be increased
as the roots approach saturation with sodium.

Gauch and Wadleigh (9) proposed that sodium
translocation in beans may be regulated by a mem-
brane that prevents the passage of sodium into the
vascular tissue in the root. The effectiveness of
such a membrane could be reduced in the presence
of a metabolic inhibitor allowing sodium to leak into
the vascular stream, thereby increasing the amount
of sodium translocated to the shoot. Ginsburg (10)
reported that DNP induced the leakage of red pigment
out of beet root slices and attributed this leakage to
an effect of DNP on the structure of the semiperme-
able membranes.

Based on the sodium distribution in the leaves,
twigs, branches, and trunks of deciduous fruit and
nut trees, Bernstein et al. (1) proposed that sodium
translocation may also be regulated by withdrawal

1171



1172

from the vascular stream into the living cells adjacent
to the vascular tissue. Such a withdrawal mechanism
could be related to metabolism and, therefore, altered
in the presence of DNP.

The regulation of sodium movement in bean plants
could involve both of these latter mechanisms. A
membrane or series of membranes in the root could
regulate the entry or leakage of absorbed sodium into
the vascular stream. Sodium that entered the stream
could subsequently be withdrawn by the living cells
adjacent to the vascular tissue.

Experiments have been conducted to determine the
effect of time and several concentrations of DNP on
the absorption and translocation of sodium in bean
and cotton plants. These plants were selected because
they are morphologically similar but differ in their
ability to translocate sodium. Additional experiments
were conducted to investigate in detail the retention
of sodium in the stem tissue of bean plants without
roots.

B Materials and Methods

Red kidney bean (Phaseolus wvulgaris, 1.) and
Arizona 124-68 cotton (Gossypium hirsutum L.) seeds
were germinated in sand which was flushed every 30
minutes with a 0.1 dilution of Hoagland's No. 1
nutrient solution, while the micronutrients (except
iron) were supplied at full strength (12). Iron was
supplied as Fe-EDTA at a concentration of 5 mg/l
(13).

Approximately 5 days after emergence, single
seedlings were transferred to 14-liter crocks which
contained the same dilute culture solution used during
germination. ‘The bean and cotton plants selected
for treatment were as uniform as possible and had
developed at least 3 trifoliolate leaves or 6 true leaves,
respectively. Plants of this size were approximately
2 to 3 weeks old.  Axillary buds were removed during
the growing period.

Absorption took place from polyethylene vessels
containing 800 ml of aerated solution. The plant
holder also served as a lid and was sufficiently large
t0 cover the absorption vessel completely, thereby
minimizing solution losses by evaporation.

The composition of the absorption solution in
mmoles/] was: tris, 5.0; CaCl,, 0.5; plus an appro-
priate amount of NaCl labeled with 5 uc 22NaCl.
Calcium was included in the absorption solution to
maintain the integrity of the selective absorption
mechanism (7). All solutions were adjusted to pH
6.5 with HCl. In experiments involving inhibitors,
the plants were pre-conditioned for 1 hour, using a
solution containing buffer, CaCl,, and inhibitor. This
was done to enable the inhibitor to block the metabolic
steps or alter the permeability of membranes involved
before the plant was exposed to sodium.

During the pre-conditioning and absorption periods,
the plants were placed under a bank of 8 cool-white

-

fluorescent tubes and 5 60-watt incandescent bulbs
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in the greenhouse. This assured a light intensity of
at least 2000 ft-c at plant height.

At the end of the absorption period, surface-film
and free-space ?2Na was removed from the roots by
repeatedly immersing them for 2 minutes into a
solution containing buffer, CaCl,, and 2*NaCl (50
meq/1). A preliminary experiment indicated that
there was very little increase in the amount of sodium
desorbed after the first minute. In order to minimize
the carryover of solution in transferring roots from
1 solution to another, the roots were allowed to drain
freely for exactly 1| minute before transfer.

After desorption, the plant material was separated
into root and shoot by severing the secondary roots
at their point of origin on the main axis. The lower
hypocotyl, which was directly exposed to the absorp-
tion solution, was included with the shoot. During
desorption, it was repeatedly submerged in the de-
sorption solution. With respect to sodium accumula-
tion, the lower hypocotyl resembled the upper hypocotyl
more than it did the secondary roots. For the detailed
examination of the sodium content of the various
parts of the plant, the petioles and blades were removed
individually, and the stem was cut at each node. The
sodium content was then determined for each separate
stem section, petiole, and blade.

The 22Na content of the plant samples was meas-
ured with a scintillation well-counter having an effi-
ciency of approximately 40 9. The 23Na content of
the plant material was then calculated from the 22Na
measurements of the samples and the 2*Na/23Na ratio
of the absorption solution.

Results

The first experiment was designed to study the
effect of the sodium concentration in the external
solution on the absorption and translocation of sodium
within the plant. The solution concentrations used
were 0.3, 1.0, 3.0, 10.0 and 30.0 meq NaCl/l. The
absorption period was 4 hours. One bean or cotton
plant was selected for each concentration. The
amounts of sodium found in the various tissues are
shown in table I.

Although none of the treatments was replicated,
the trends are quite clear. The total amount of
sodium absorbed by both beans and cotton increased
as the external concentration was increased. Some
sodium was translocated to bean shoots but it was
effectively retained in the stem since the petioles and
blades contained virtually no sodium, even at the
highest external concentration. The proportions of
absorbed sodium found in the various tissues of cotton
were very nearly the same at all external concentra-
tions studied.

The sodium content of bean and cotton plants as
a function of absorption time in the presence and
absence of 50 uMm DNP is presented in table II.
The external sodium concentration was maintained
constant at 10 meq/i. 'Treatments were unreplicated.

There was a direct relationship between the sodium
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Table I. Sodium Content of Bean and Cotton Plants as a Function of the External Sodium Concentration
Absorption period was 4 hours,

Plant External sodium concentration (meq/1)
tissue 0.3 1.0 3.0 10.0 30.0
req req neq req bar
Secondary Bean
root 0.5 1.9 6.5 49.0 157.4
Stem 0.1 0.3 0.5 1.7 12.2
Petiole 0.0 0.0 0.0 0.1 0.4
Blade 0.0 0.0 0.0 0.1 0.2
Total 0.6 22 7.0 50.9 170.2
Secondary Cotton
root 0.9 34 83 324 110.2
Stem 0.3 0.5 1.6 6.4 14.0
Petiole 0.1 0.2 0.7 2.5 6.7
Blade 0.4 1.0 24 154 438
Total 1.7 5.1 13.0 56.7 174.7

Table II. Sodium Content of Bean and Cotton Plants as a Function of the Length of the Absorption Period in the
Presence and Absence of DNP

External sodium concentration was 10 meq/l.

Length of absorption period (min)

Plant 15 30 60 120 240 15 30 60 120 240
tissue — DNP 50 um DNP
ueq ueq  peq ueq  peq ueq meq  peq weq  peq
Bean
Secondary
root 12.1 22.8 62.3 69.3 158.7 1.1 15.2 41.4 65.1 127.0
Stem 0.4 0.9 2.6 24 6.6 1.1 24 6.0 10.6 28.0
Petiole 0.1 0.1 0.1 0.1 0.1 0.1 0.3 1.6 42 11.7
Blade 0.1 0.2 0.1 0.2 0.1 0.1 0.2 1.3 4.6 16.3
Total 12.7 240 65.1 720 1655 124 18.1 50.3 845 183.0
Secondary Cotton
root 10.4 129 238 384 40.7 7.3 10.5 5.7 15.7 13.2
Stem 3.0 25 48 7.5 16.9 29 45 4.6 10.3 17.2
Petiole 0.6 12 27 43 94 0.8 1.2 1.5 4.5 8.2
Blade 1.7 4.9 116 19.5 487 0.6 1.2 2.3 10.7 36.7
Total 15.7 21.5 429 69.7 115.7 11.6 174 14.1 41.2 75.3

Table III. Sodium Concentration of Bean and Cotton Plants as a Function of DNP Concentration
External sodium concentration was 10 meq/l. Absorption time was 4 hours.

Plant DNP concentration (M)
tissue 0 5X10-8 2X10s 5X105 2X10¢ 5X10¢
neq peq neq peq peq peq
Secondary Bean (triplicate)
root 141.1 85.8 93.0 69.7 83.4 65.7
Stem 7.2 11.0 17.1 18.1 24.2 256
Petioles 0.0 0.1 1.4 4.0 42 4.5
Blades 0.0 0.1 0.5 42 2.8 4.4
Total 148.3 97.0 1120 96.0 114.6 100.2
Secondary Cotton (duplicate)
root 77.2 35.5 45.8 24.5 49.8 46.9
Stem 20.4 74 15.3 214 18.2 204
Petioles - 6.4 4.8 8.8 8.4 6.4 6.4
Blades 17.0 9.5 20.4 13.8 19.6 19.8

Total 121.0 572 90.3 68.1 94.0 93.5




1174

content of the plants and the length of the absorption
period in either the presence or absence of DNP. The
amount of sodium in bean roots or cotton roots and
shoots was decreased in the presence of DNP. How-
ever, the amount of sodium in bean shoots was con-
siderably increased by DNP. The increase in the
amount of sodium in the shoots more than offset the
decrease in the roots of bean piants at the 2 longer
time intervals.

The sodium content of bean and cotton plants
exposed to several concentrations of DNP is shown
in table III. The external sodium concentration was
10 meq/1 and the absorption time was 4 hours. The
data are averages for 3 bean plants or 2 cotton plants
at each DNP concentration.

All concentrations of DNP reduced the sodium
content of cotton roots or shoots and bean roots. The
sodium content of bean shoots increased progressively
as the DNP concentration was increased in the ab-
sorption solution. However, unlike cotton, the sodium
content of the bean blades was essentially the same
as the content of the petioles and both tissues con-
tained considerably less sodium than the stems. Thus,
even though sodium translocation in beans was en-
hanced by DNP there was no evidence of a surge to
the leaves.

The amount of sodium within the stem sections of
bean plants decreased progressively with increasing
distance from the root (fig 1). Even though more
sodium was translocated to the shoot of bean plants
treated with DNP the same pattern of sodium dis-
tribution within the stem was noted. This suggests
that sodium may have been withdrawn from the
transpiration stream by the living cells adjacent to the
vascular tissue. DNP had no apparent effect on the
distribution of sodium in cotton stems.

The influence of DNP on the withdrawal of
sodium from the vascular stream of bean plants was
studied in plants from which the roots had been re-
moved. It is to be noted that the removal of the
roots increased the sodium content of the stems, petioles
and blades (table IV). DNP reduced the amount of

BEAN COTTON
o —DNP

o +DNP

o
o

SODIUM CONTENT-pEQ
o
<

T S S BT

P
UHC | 2 3 4 5678

PUR ialal

W
UHC P 1 2 345 6

Tig. 1. The sodium content (meq) of bean and cot-
ton internodal stem sections, UH, C and P refer to
upper hypocotyl, cotyledonary and primary nc.)des, re-
spectively. Numbers refer to nodal connections for
true leaves.
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Table IV. Sodiuimn Content of Bean Planis HWithout
Roots in the Presence and Absence of DNP
External sodium concentration was 10 meq/l. Ab-

sorption time was 4 hours. The DNP concentration

was 50 uir.
Each value is the average of triplicate cultures.

DNP Stem Petiole Blade Total
uneq peq neq uneq

— 170.6 90.8 157.8 419.2

+ 81.7 52.4 2104 344.5

sodium retained in the stems and petioles and increased
the amount translocated to the blades.

The sodium content of the stem sections, petioles
and blades is shown in figure 2. Again the amount
in the stem decreased with increasing distance from
the base of the plant but the amount in the petioles
and blades increased to a maximum in the vicinity of
the apex of the plant.
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Fic. 2. The sodium content (meq) oif bean inter-
nodal stem sections, petioles and blades. UH, C and P
refer to upper hypocotyl, cotyledonary and primary
nodes, respectively. Numbers refer to nodal connec-
tions for true leaves.

Discussion

In the present study it has been shown that DNP
reduced the amount of sodium retained n hean roots
and increased the amount translocated to the shoot.
However, within the shoot of intact plants treated
with DNP, the stem still contained more sodium than
either the petioles or blades, and the sodium content
within the stem sections progressively decreased with
increasing distance from the root.

When much greater amounts of sodium entered the
bean shoot (plants without roots), a larger proportion
of the sodium was found in the blades. Under these
conditions it was also noted that DNP reduced the
amount in the stem and increased the amount in the
blades. However, the relative distribution of sodium
within the stem was unaffected by DNP or the total
amount of sodium present in the shoot.

The increased sodium translocation to the shoot
of bean plants treated with DNP supports the pro-
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posal (9) that sodium is retained in bean roots by a
membrane system. The efficiency of this system was
reduced by DNP.

When relatively low amounts of sodium are trans-
located to bean shoots very little passes through the
stem into the petioles and blades. However, when
large amounts of sodium are translocated to bean
shoots, more than half of the sodium passes through
the stem into the petioles and blades. The proportion
retained by the stem tissue was markedly reduced
by DNP.

Thus, it appears that bean roots are capable of
retaining large amounts of sodium and bean stems
are capable of retaining the small amounts of sodium
translocated to the shoot. Both of these mechanisms
are sensitive to DNP. However, the effect of DNP
on the retention mechanism in the stem was noted
only when large amounts of sodium were present in
the shoot.

DNP reduced the amount of sodium retained by
cotton roots, but had no apparent effect on the dis-
tribution of sodium in cotton shoots.

Literature Cited

1. BernsteIN, L, J. W. Brown, anpo H. E. Havy-
wARD. 1956. The influence of rootstock on
growth and salt accumulation in stone-fruit trees
and almonds. Proc. Am. Soc. Hort. Sci. 68:
86-95.

2. BernsTEIN, L. AND G. A. Pearson. 1956. Influ-
ence of exchangeable sodium on the yield and
chemical composition of plants. I. Green beans,

garden beets, clover, and alfalfa. Soil Sci. 82:
247-58.
3. Bower, C. A. anp C. H. WabLeicH. 1948. Growth

and cationic accumulation by four species of
plants as influenced by various levels of exchange-
able sodium. Soil Sci. Soc. Am. Proc. 13: 218-
23.

4. Brown, J. W, C. H. WabLeicH, aANp H. E. Hay-
wARD. 1953. Foliar analysis of stone fruit and
almond trees on saline substrates. Proc. Am. Soc.
Hort. Sci. 61: 49-55.

5. Cuang, C. W. anp H. E. DregNE. 1955. Effect
of exchangeable sodium on soil properties and on
growth and cation content of alfalfa and cotton.
Soil Sci. Soc. Am. Proc. 19: 29-35.

6. CoLLANDER, R. 1941. Selective absorption of ca-
t7ions by higher plants. Plant Physiol. 16: 691-
20.

7. EpsteIN, E. 1961. The essential role of calcium
in selective cation transport by plant cells. Plant
Physiol. 36: 437-44.

1175

8. Gaucs, H. G. anp C. H. WabLeicH. 1942. The
influence of saline substrates upon the absorption
of nutrients by bean plants. Proc. Am. Soc.
Hort. Sci. 41: 365-69.

9. Gaucha, H. G. anp C. H. WabnLeicH. 1945. Ef-
fect of high concentrations of sodium, calcium,
chloride, and sulfate on ionic absorption by bean
plants. Soil Sci. 59: 139-53.

10. GinsBUrG, B. Z. 1959. Maintenance of semi-
permeability of plant cell membranes in the ab-
sence of metabolic energy supply. Nature 184:
1073.

11. Haywarp, H. E, E. M. Long, axp R. Unvrrs.
1946. Effect of chloride and sulfate salts on the
growth and development of the Elberta peach
on Shalil and Lovell rootstocks. TU. S. Dept. Agr.
Tech. Bull. 922: 48 p.

12. Hoacraxp, D. R. anp D. I. ArnoxN. 1938; rev.,
1950. The water-culture method for growing
plants without soil. University of California
Agricultural Experiment Station Circ. 347: 39 p.

13. Hurraker, R. C. aNDp A, WaLrLace. 1959, Sodium
absorption by different plant species at different
potassium levels. Soil Sci. 87: 130-34.

14. Hurraker, R. C. aNp A. WaLLAcE. 1959. Effect
of potassium and sodium levels on sodium dis-
tribution in some plant species. Soil Sci. 88:
80-82.

15. Jacosson, L. 1951. Maintenance of iron supply
in nutrient solutions by a single addition of ferric

potassium ethylenediamine tetra-acetate,  Plant
Physiol. 26: 411-13.
16. JacoBy, B. 1964. Function of bean roots and

stems in sodium retention. Plant Physiol. 39:
445-49.

17. Lacerwerrr, J. V. anp J. P. Horranp. 1960.
Growth and mineral content of carrots and beans
as related to varying osmotic and ionic-compo-
sition effects in saline-sodic sand cultures. Agron.
J. 52: 603-08.

18. Lkccert, J. E. AND L. H. Storzy. 1961. Anaero-
biosis and sodium accumulation. Nature 192:
991-92.

19. LEenr, J. J. 1941. The importance of sodium for
plant nutrition. I. Soil Sci. 52: 237-44.

20. Letey, J., O. R. Lun~t, L. H. StoLzy, anp T. E.
Szuszkiewicz. 1961. Plant growth, water use,
and nutritional response to rhizosphere differen-
tials of oxygen concentration. Soil Sci. Soc.
Am. Proc. 25: 183-86.

21. Letey, J., L. H. StoLzy, O. R. LuNT, AND V. B.
Youncer. 1964. Growth and nutrient uptake of
Newport bluegrass as affected by soil oxygen.
Plant Soil 20: 143-48.

22. PearsoN, G. A. 1962. Sodium absorption and
translocation by bean, peas, and cotton. Plant
Physiol. 37: x.

23. Warracg, A. 1963. Solute uptake by intact plants.
Lithographed in U. S. A. by Edwards Brothers,
Inc., Ann Arbor, Michigan.



